
INTERVENTIONAL CARDIOLOGY

Trimetazidine in the prevention of contrast-induced
nephropathy after coronary procedures
Alper O Onbasili, Yavuz Yeniceriglu, Pınar Agaoglu, Aslıhan Karul, Tarkan Tekten, Harun Akar,
Guzel Discigil
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

See end of article for
authors’ affiliations
. . . . . . . . . . . . . . . . . . . . . . . .

Correspondence to:
Associate Professor
Dr A O Onbasili,
Department of Cardiology,
School of Medicine, Adnan
Menderes University, 09100
Aydin, Turkey; aonbasili@
adu.edu.tr

Accepted
19 September 2006
Published Online First
25 October 2006
. . . . . . . . . . . . . . . . . . . . . . . .

Heart 2007;93:698–702. doi: 10.1136/hrt.2006.097477

Objective: To evaluate the efficacy of trimetazidine (TMZ) in the prevention of contrast-induced nephropathy
(CIN) in patients with high serum creatinine levels undergoing coronary angiography/angioplasty.
Methods: TMZ (20 mg thrice daily) was administered orally for 72 h starting 48 h before the procedure. All
patients were given intravenous saline (0.9%) at a rate of 1 ml/kg of body weight per hour for 24 h starting
12 h beforehand. Serum creatinine levels were measured before the procedure, 48 h and 7 days after the
procedure. Increase in serum creatinine level exceeding 0.5 mg/day or one quarter of the basal value is
considered as CIN. Venous blood samples for serum total antioxidant capacity (TAC) measurement were
drawn before and after coronary angiography.
Results: Basal serum creatinine levels and TAC were similar in TMZ and control groups. Serum creatinine
levels in the control group increased significantly 2 days after the procedure, and returned to the baseline
values on the seventh day. However, it did not change significantly on the second day, and even significantly
decreased on the seventh day in the TMZ group. CIN developed in 2.5% (1/40) of patients in the TMZ group
and in 16.6% (7/42) of patients in the control group (p,0.05). TAC values were not different between
treatment groups.
Conclusion: TMZ along with isotonic saline infusion is more effective than isotonic saline alone in reducing the
risk of CIN in patients with pre-existing renal dysfunction.

C
ontrast-induced nephropathy (CIN) is a serious compli-
cation of coronary angiography that is associated with
considerably increased mortality and morbidity, including

the need for short-term haemodialysis, extended hospitalisa-
tion and permanent impairment of renal function.1 2 CIN after
coronary angiography is observed more frequently in patients
with chronic renal insufficiency, particularly in patients with
diabetes mellitus and/or dehydration and/or congestive heart
failure.2–5 Larger doses of contrast medium and intravascular
injection of contrast agent are also associated with higher
incidence of CIN.6 CIN has been reported to occur in 11–44% of
patients with moderate renal insufficiency.2 3 6 7 Pre-existing
renal dysfunction is the greatest independent predictor of CIN,
and its severity directly correlates with the incidence of
CIN.3 6 8–10

Previous reports suggest that the formation of reactive
oxygen radicals, renal medullar ischaemia during reperfusion
after contrast-induced vasoconstriction and direct tubular
damage secondary to the contrast agent have an important
role in the injury mechanisms of CIN.11–14 Many types of
prophylaxis regimens have been used in an attempt to prevent
CIN. But, to date only hydration with isotonic saline is
generally accepted in the prevention of CIN.14–18

Trimetazidine (TMZ) has been described as a cellular anti-
ischaemic agent.19 Previous studies demonstrated that TMZ
prevents the deleterious effects of ischaemia–reperfusion at
both the cellular and the mitochondrial levels, and exerts
potent antioxidant activity on various tissue preparations.20 21

TMZ inhibits the excessive release of oxygen-free radicals,
increases glucose metabolism, limits intracellular acidosis,
protects ATP stores, reduces membrane lipid peroxidation and
inhibits neutrophil infiltration after ischaemia–reperfusion.22 23

Data concerning the effects of TMZ are derived mainly from
studies related to cardiology, and data available on the renal
effects of TMZ are limited.24–27

Based on the assumption that reactive oxygen radicals and
renal medullar ischaemia might be involved in the pathogenesis
of CIN, we hypothesised that use of an agent with anti-
ischaemic and antioxidant properties—namely, TMZ—may be
beneficial in prevention of CIN. To test our hypothesis, we
conducted a randomised, prospective, controlled trial in
patients with chronic renal insufficiency undergoing coronary
procedures.

METHODS
A total of 82 (25 women, 57 men, mean (SD) age 60 (10) years)
consecutive patients with a serum creatinine level >1.2 mg/dl
(>106 mmol/l) or creatinine clearance of ,50 ml/min (calcu-
lated by the formula of Cockcroft and Gault28) undergoing
coronary procedures were prospectively studied. Patients were
randomly assigned to two groups: TMZ (n = 40) and control
(n = 42). Patients with acute renal failure, acute myocardial
infarction requiring primary or rescue coronary intervention,
cardiogenic shock, patients already on renal replacement
treatments or those with a known allergy to TMZ were
excluded from the study. Indications of the coronary interven-
tions were acute coronary syndrome (n = 46), stable angina
(n = 23), dilated cardiomyopathy (n = 7) and preoperative
assessment (n = 6). In all, 19 patients had diabetes mellitus
(all of them type II). The patients and controls underwent
echocardiographic examination (HP Sonos 5500, Andover,
Massachusetts, USA). Ejection fraction of the left ventricle
was calculated with Teicholtz formula.

The study protocol was approved by the institutional review
board, and all patients provided written informed consent.

Abbreviations: ABTS, 2, 29-azino-bis-3-ethylbenzothiazoline sulphonate;
CIN, contrast-induced nephropathy; TAC, total antioxidant capacity; TMZ,
trimetazidine
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Study protocol
This study was a prospective double-blind, randomised,
controlled trial. Patients with mild renal insufficiency (basal
creatinine level between 1.2 and 2.5 mg/dl) were enrolled into
the study. Patients were randomly allocated into TMZ or control
groups. Standard parenteral hydration protocol (isotonic saline
at a rate of 1 ml/kg of body weight per hour starting 12 h before
angiography and up to 12 h thereafter) was applied to patients
in both groups. Additionally, patients in the TMZ group were
administered TMZ (20 mg thrice daily orally) for 72 h starting
48 h before the procedure. The same contrast agent (iopramide,
non-ionic, low osmolality, Ultravist 370/100, Schering,
Germany) was used in all procedures at boluses of 8–15 ml.
The decision to perform PCI, deployment of stents and the use
of glycoprotein IIb/IIIa antagonists was left to the discretion of
the interventional cardiologist.

Serum creatinine and urea concentrations were measured
48 h and immediately before coronary angiography, 48 h and
7 days after the procedure. Serum creatinine concentration
immediately before coronary angiography was referred to as the
baseline level.

Venous blood samples for serum total antioxidant capacity
(TAC) measurement were drawn before TMZ administration,
immediately after and within 2 h following coronary angio-
graphy. Venous blood samples were collected from patients and
controls. After centrifugation at 3000 rpm for 10 min, serum
samples were stored at 280 C̊ until assay time. The TAC
evaluation in mmol/l was performed in human plasma using a
commercially available kit (RANDOX NX 2332 test,
Laboratoires Randox, Mauguio, France). The assay is based
on the oxidation of a colourless molecule, the reduced 2, 29-
azino-bis-(3-ethylbenzothiazoline sulphonate) (ABTS), incu-
bated at 37 C̊ with a peroxidase (metmyoglobin) and hydrogen
peroxide (H2O2) to produce a relatively stable blue–green
chromogen, the radical cation ABTS+. The optical density of
this chromogen is measured at a wavelength of 600 nm using a
spectrophotometer (UV 160-A Schimadzu). Plasma antioxi-
dants cause suppression of the production of blue–green colour
to a degree that is proportional to their concentration. Briefly,
in test tubes containing 20 ml of reagent blank, standard
(6-hydroxy–2,5,7,8-tetramethylchroman–2-carboxylic acid) or
sample, 1 ml of chromogen (metmyoglobin (610 mmol/l) and
ABTS (6.1 mmol/l) in phosphate buffer, 5 mmol/l, pH 7.4) and
200 ml of H2O2 (250 mmol/l) were added. Then, exactly 3 min

after mixing and incubation at 37 C̊, the variation of optical
density was read at a wavelength of 600 nm, allowing the
determination of the total antioxidant status. In kit prospectus,
the reference range was 1.37–1.77 mmol/l. Figure 1 shows the
study protocol.

The end point of the study was the development of CIN,
which was defined as an absolute increase in serum creatinine
of 0.5 mg/dl, or a relative increase of 25% in serum creatinine at
24 or 48 h after the procedure compared with the baseline.

Statistical analysis
We projected the sample size from the study of Tepel et al,29

which demonstrated the proportion developing an increase in
serum creatinine concentration of >0.5 mg/dl 48 h after
administration of the contrast agent among the groups. The
significance level was set at 0.05 and the power at 0.80. We
calculated that the number of patients required for a TMZ
versus placebo study is 40 per group.

All values are given as mean (SD). Clinical and demographic
characteristics of the study groups were compared by means of
the Student’s t test for continuous measures. Categorical
variables were presented as percentages and were compared
using the x2 statistics or Fisher exact test. A p value ,0.05 was
considered significant. All statistical tests were two sided.
Statistical analysis was performed using SSPS software V.8.0.0.

RESULTS
Table 1 summarises the clinical and demographic character-
istics of the study patients. Baseline indexes of renal function,
TAC and baseline characteristics were similar when both groups
were compared. Table 2 summarises the characteristics of the
angiographic procedures. The vascular access approach was
similar in the two treatment groups. The volume of contrast

Figure 1 The design of study protocol. TMZ, trimetazidine.

Table 1 Clinical characteristics of the treatment groups

TMZ (n = 40) Control (n = 42) p Value

Age (years) 61 (10) 60 (11) NS
Men/women 25/15 32/10 NS
Blood pressure (mm Hg)

Systolic 146 (28) 149 (26) NS
Diastolic 77 (8) 79 (9) NS

Diabetes mellitus (%) 20 26 NS
BMI 26.6 (4.2) 25.9 (2.7) NS
LVEF (%) 48 (20) 47 (18) NS
TAC (mmol/ml) 2.15 (0.14) 2.25 (0.14) NS
Baseline serum creatinine
(mg/dl)

1.31 (0.25) 1.26 (0.16) NS

(mmol/l) 116.4 (22.8) 111.9 (14.9) NS
Baseline creatinine clearance
(ml/min)

54.4 (13) 52.4 (11) NS

BMI, body mass index; LVEF, left ventricular ejection fraction; NS, not
significant; TAC, total antioxidant capacity; TMZ, trimetazidine.
Values are represented as mean (SD).

Table 2 Characteristics of the angiographic procedures

TMZ Control p Value

Catheterisation approach (%)
Radial artery 14 12 NS
Femoral artery 86 88 NS

Angiography alone (%) 25 23 NS
Angiography and angioplasty (%) 20 18 NS
Angiography and angioplasty with
stent (%)

55 59 NS

Contrast volume (ml) 225 240 NS

NS, not significant; TMZ, trimetazidine.
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medium used was not significantly different between the
treatment groups.

CIN occurred in 2.5% (1/40) of patients in the TMZ group and
in 16.6% (7/42) of patients in the control group (p,0.05).
Although baseline serum creatinine levels did not differ
significantly, serum creatinine levels on the second and seventh
days after the procedure were higher in the control group than
in the TMZ group (table 3). Baseline serum creatinine
significantly increased on the second day and returned to
baseline values with a significant decrement on the seventh day
after catheterisation in the control group (table 3). However, in
the TMZ group, serum creatinine value did not present any
increment on the second day and even decreased significantly
on the seventh day after the procedure (table 3). Baseline
creatinine clearance decreased significantly on the second day
and returned to baseline values on the seventh day after
catheterisation in the control group (table 3). However, in the
TMZ group, creatinine clearance decreased insignificantly on
day 2 and increased significantly on day 7 (table 3).

TAC values measured before TMZ administration, just after
and within 2 h after catheterisation were not different between
treatment groups (table 4). Serum TAC was decreased insig-
nificantly after administration of contrast medium, and
returned to baseline values after 2 h in both TMZ and control
groups (fig 2).

Changes in serum creatinine levels were not significantly
different in patients with diabetes compared with patients
without diabetes. CIN occurred in 1 of 10 (10%) TMZ-treated
patients with diabetes and in 1 of 9 (11.1%) control patients
with diabetes (p.0.05).

No complication and potential side effects related to TMZ
administration were observed. Pulmonary oedema occurred in
2 of 82 patients. Two patients with pulmonary oedema were
treated with intravenous furosemid administration. Other
patients did not receive furosemid. In all, 19 patients (11
patients in the TMZ group, 8 patients in the control group) were
using tiazides for hypertension treatment. In one patient, left

ventricular failure occurred before angiography and the
procedure was postponed. In the other patient, this complica-
tion occurred after angiography. None of the patients who
developed CIN required dialysis.

DISCUSSION
The major finding of our study is the observation of a
significant decrease in the incidence of CIN by means of TMZ
administration in conjunction with saline when compared with
saline alone in patients undergoing coronary procedures.

Prospective studies have produced extremely varied estimates
of the incidence of CIN. The reported incidence of CIN ranges
from none to .50%.30 31 These discrepancies are due to
differences in patient co-morbidity and the presence of other
potential causes of acute renal failure. Two epidemiological
studies reported rates of 14.4% and 11.1%, respectively, in two
series of 1826 and 1196 patients undergoing invasive cardiac
procedures.2 6 Two larger studies, which included 7586 and
8628 patients who underwent percutaneous coronary interven-
tion, reported CIN incidence of 3.3% and 16.5%, respectively.8 9

Our study results are compatible with the literature.
The mechanism of contrast nephrotoxicity is multifactorial.

Contrast media has been shown to reduce antioxidant enzyme
activity in the rat kidney, and direct cytotoxicity mediated by
oxygen-free radicals has been demonstrated in canine and rat
models of CIN.32 33 These animal models have shown that
hypertonic contrast media gives rise to production of oxygen-
free radicals and leads to apoptosis in renal tubular and
glomerular cells. In our study, although non-significant, TAC
was decreased with contrast agent administration and
increased to baseline value 2 h later in both TMZ and control
groups. Experimental models demonstrate a biphasic response
of renal blood flow in response to contrast media, characterised
by initial increase and subsequent prolonged decrease in blood
flow and glomerular filtration.31–34 In addition, shunting from
the renal medulla (a region with low oxygen supply and high
metabolic demand under normal conditions) to the renal cortex
can produce medullary ischaemia and necrosis.35 36

TMZ is an anti-ischaemic agent known to improve exercise
tolerance and cardiac function in patients with ischaemic heart
disease.37 It has been shown that pre-treatment with TMZ is
effective in reducing the size of the infarct that develops in the
blood-perfused rabbit model of myocardial ischaemia.38 Various
experimental studies have shown that TMZ preserves the
intracellular concentration of ATP and inhibits the extracellular
leakage of potassium during cellular ischaemia. The potent
antioxidant effect of TMZ has been demonstrated in myo-
cardial, renal and hepatic ischaemia–reperfusion injury.39–41

Although data about TMZ are mainly derived from its cardiac
effects, recent data suggest that TMZ may also be beneficial in
attenuation of glycerol, cyclosporine, tacrolimus and ferric

Table 3 Serum creatinine and creatinine clearance changes at baseline, 2 and 7 days after
cardiac catheterisation in trimetazidine and control groups

Baseline (I) 2nd day (II) 7th day (III)
p Value
(I–II)

p Value
(I–III)

p Value
(II–III)

TMZ
Creatinine (mg/dl) 1.31 (0.25) 1.31 (0.29) 1.25 (0.27) NS ,0.05 ,0.05
(mmol/l) 116.4 (22.8) 115.8 (2.3) 110.9 (24.4)
Creatinine clearance 54.4 (13) 53.2 (13.6) 58.9 (12.1) NS ,0.05 ,0.05
Control
Creatinine (mgr/dl) 1.26 (0.16) 1.42 (0.43) 1.30 (0.41) ,0.05 NS ,0.05
(mmol/l) 111.9 (14.9) 125.6 (38.5) 115.7 (36.9)
Creatinine clearance 52.4 (10.8) 46.5 (10.5) 52.0 (10.7) ,0.05 NS ,0.05

NS, not significant; TMZ, trimetazidine.
Values are represented as mean (SD).

Figure 2 Serum creatine levels in control and trimetazidine (TMZ) groups.
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nitrillotriacetate-induced renal damage. It may also decrease
the damage due to ischaemia–reperfusion injury in renal tissue.
Addition of TMZ to organ preservation solutions may improve
renal function after transplantation.24–27

Identification of renoprotective agents that can prevent CIN
has been proven to be difficult. Dopamine, furosemide,
mannitol, aminophiline, atrial natriuretic peptide, captopril,
calcium canal blockers and alprostadil are not effective in
reducing the risk of CIN.17 18 42 Current prospective studies
evaluating the role of acetylcysteine in patients undergoing
coronary angiography have yielded inconsistent data.43–50

Antioxidant acetylcysteine has been suggested to attenuate
CIN through scavenging oxygen-free radicals generated as a
result of renal tubular toxic damage.51 A small clinical study by
Marenzi et al52 showed periprocedural haemofiltration to be
effective in preventing the deterioration of renal function due to
contrast agent. However, two other studies showed no
reduction in the rate of CIN.53 54 A previous study showed that
hydration with sodium bicarbonate before contrast exposure is
more effective than hydration with sodium chloride for
prophylaxis of contrast-induced renal failure.55 Only hydration
with saline or half-normal saline has consistently been shown
to be more effective than control in reducing the risk of CIN.15–17

This study is the first, to the best of our knowledge, to have
tested TMZ and found it to be effective in the attenuation of
CIN (2.5% vs 16.6%) in patients with chronic renal insufficiency
who received intravenous contrast agent at cardiac catheterisa-
tion.

In our study, we observed no significant change in serum
TAC values when inter-group or intra-group analysis was
performed. On the other hand, we cannot rule out an
antioxidant mechanism since we do not know what is
happening at the tissue level. The benefits of TMZ may be
associated with its renal cellular anti-ischaemic effect.

Several limitations should be noted. Our study includes a
relatively small sample size. Although the relatively small
sample size calls for caution in interpreting the study results,
this sample size was predetermined from a power calculation
based on the findings of Tepel et al.29 The dose of oral TMZ
chosen for this study was derived from the standard regimen
for the treatment of myocardial ischaemia. Relatively low-risk
patients with mild renal insufficiency were included in our
study. The effect of TMZ on high-risk patients should be
investigated in larger prospective clinical studies.

CONCLUSION
Administration of TMZ (20 mg thrice daily, orally) in conjunc-
tion with saline is an effective means of preventing transient
renal dysfunction due to radiocontrast agent.
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